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ii^-Kf^^K7-f^ (HDD) $SfiKlftJgTirtBT?&*;, 

SfttffcMSfc^ll^Giicifetis (tmr) sff^xteSitc 

*fBjS^®ii§l!g^:^Sm^ (CPP (Current Perpendi 
cular to the Plane) -GMR) 

(mr) mmmm^v kick-ts. 

[0 0 0 2] 

u TM/±^^^«^i^jf i: va e> #-s*jt^ e> * * h > * jMb&zmm u 
fcTMR$? (iin - 1 0 3 0 i 4#^i) ^, T»!fi?Ktt«sjKs 
/}m&±mm/±%mmvtmmm t^o #s«3tj&* ^ *s gm rsr^o-st 

**J«SK*«aiJB®fcSliC*lfttCflStlSCPP-GMR3||^- (M;U£, W. P. P 
ratt, Jr et a 1 , "Perpendicular Giant M 
agnetoresistnce of Ag/Co Multilayers 
PHYSICAL REVIEW LETTERS, Vol. 66, No. 
23, pp. 3060-3063, June 1991) $ tlX Va£„ » 

tl&^alt^tt:, S^*««*®JC?&oT^*ia-*jKWftGMR3R^- (C I P (Cu 
rrent-InPlane) — GMRi^) KJfc«i^T8Mg?:*#fcMRg£ft3B 
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iwriatc^vN-r, 1 o arras km, i i itmrnumrm^ti^rm^^ 

*6*#W"e^3*lfc±fflSd[f^ >y zfM, 1 4 te_tgps/-;b KM, 1 5 \$;\- KA 
[0 0 0 5] 

■fe>^«SEttGMR«M^i 2<z>;ftM®i:¥f?lc&6*i, TMtfJtg|SS/-;i/ K 
110 2fctf 14t GMRftllf; 1 2 iHZT%VM±U*cV v7Ml 1 1 3 T* 

[0 0 0 6] 

1 3 fc/B^S&g#&5#, ^ © J: e> «i4#ffi(Z>Jft»^ fe^'T * £ £ #S! L < , 
[0 0 0 7] 

EI 2 -»iI^t^TMRl^XttCPP-GMRi?§AB S# 
fa***) jlfcHT&S, 
[0 0 0 8] 

|WJEffC£VNT, 2 0tt*«ffl(Z)T§|5 2/-;i/KM> 2 1 3*1 

tcmmmm<DT®*w7M, 2 2itrmmmnmmm (yv-m) /vy%^ 
rbim#, 2 3\*&m&n^mm2ftfcnmmm<D±wt*v*j'7m. 24&M 

mmo±mt/-)V KM, 2 5 K;W T*JS, 2 6 tt«&»#f4-T?7gj£3*ifc 

JlifilS^yyM&^ft^tl^LTV^. &£, 22a{j:TMRai#X(iCPP 
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M'ffi^mif (7'J-I) fife*. 
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s^snc^itatcsK'TfcfttcTasi/-^ KJff 2 o&tf _hass/-;i/ Fi24 ra#ssc 

[0 0 10] 
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03 liC I P-GMRjR^®^tiliEn&0*e&>J, ®4 teTMRfft^-XliC P P 
[0 0 12] 

03^^B^^^©J:e)tC, C I P-GMRSfrftCfc^Tli, ffi^SS^fSJCttG 
M R © ^ffiS^ R G M R * © * T U M Wtt S: ^fb S * * J: -5 

•pic, KJg&miSfc b«t§i)l0TMRi?X{iC PP-GMRi 

p p - GMRifgftc^pt A*i/3i>^c TMR i/tfey, £*i e> # n - 

[0013] 

TMR3)S?XttCPP-GMRS?S:«Afe, MRllli^A »y KSrH^f* 
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tt&miz&tu*. Tmi/-fr\*mt.* ±m^-^^mt. tsp^-^km^^ 
ksx -fcsu - km ra jc ^ s n *e»#*m fc «fc « ^w^mnzm 

*.Tfc »K £©Jfili3f* vJMGi'PtK £.%—BffA 1 2 O 3 J: »Jff§*sts©iBv* 
[0015] 

££JC *«WJCJ:*1«, TSP5/-^K®fc, T«PS/-/I/KMJ:lc«l»3*i& 
K#S#S*i.&. 

[0016] 

^ ^s©^3&< a i 2 o 3 j: y»*^5©ffiv^j|ifi»^we^j«stir 

v*£fc«>, TBIs^-;bK«>5:^_tg|5i/--;i/KMr4<Z)^-vA 0 i/^>xc s h £ e x 
[0017] 

i e 1 d = 6 p F©*^^fe^*^^ Kffi^OM^St^tt&^-rHT?**;, S 
6«|HID<|g|4 {C^L^^ffHIl^(CfeVAT2/-;i/ KMr^cD^-v/i^^^x^c s 
hield = lp F^tft^JcfcttS^y Kffi^coMMSE^ttSr^-tS-e*)*. 
fc£U TMRIfXttC P P-GMRjR?ffl^^;V>*>^tiC TXjrD = 0. 
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[0 0 18] 

Bf 5 fr&i?9S>fr©«fc i/-Jl FM!8HD*r*rti/9 >XC s hieH = 6 

<Z)if*{c#oTM4>U f c>5 0 0MHzi:t§ti?)[:«, i?iIR TMR 
& 5 0 QJKTtCUfctttUifcfc*^. *>&#{C, 5 0 OMHz t^^Z> JfMtfcte, 

loocbits/i n 2 nmmmmmT*@im2tizz.£tf^mznz>mwm. 

T*&£,, 10 0Gb it s/in 2 JK±©!2ifI©TMRI?lCfe^t(t Zl 
[0019] 

hield =lp F ®^> IWR TMR ^3 0 0 Q _fT?& o T f c> 
5 0 OMHz h-t&Z. £.tf-pSm£&Z> 0 is — Jl< KMri©^"YA'^^ >^>C 

Shield <-TSrillCj: U, ^&ffiR TMR #+dH:|£S«rtB& 3 

OOQ a _hi?& o T fcfc&flB&t^ y K^MMtff'ffi*:^ b < l«J_t £ -its r £ #t? 

TMR*^XttCPP-GMR|Sf©^r^;<*/^>^C T 

[0 0 2 0] 

MUS^-Vy :7/I©£T#A 1 2 O 3 «fc »J m&m<?>1&^1tiM<*tt'ftV]&J&t£ tlT 
[0 0 2 1] 

A 1 2 O 3 J: U &«^<Z>ffiV>|ifi»#M»#, SigN^ Co- r Fe 2 0 3 
XttS i O 2 T*&2>Z.£*jft$. L^„ 
[0 0 2 2] 

JR» & £ &fiS x. fcCPP - GM R«Ji#:T'& S 
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®TMRiiH^>y K©T3P£/-;i/ KM> ±gPS/-;i/ KJff&tf U - K#frSP 
^CO^^M^WfC^-r^SElT^U, 0 8li|lI7©A-A^^T®|llT^U, El 

9 izmi <z>B-Bmmmmv$>z> 0 Ei7T*&Tgp^-;i/K«&tf±3PS/- 

#BS$tiTfeU, 128 WEI 9 T*iZ±3is-)l KMO-WSJ: »J _t{i©M©Ei^ 
[0 0 2 4] 

SPi/-;v KM. 7 l teT3P^-;i/ KM 7 o±}c^(DTSP^-;i/KJf 7 o 

ttT»^*^l7 l±JC«lJiStl^*-->^«3*lfeTMRSlJS^, 7 3 

< n tjTMRiift 7 2 ±izmmmf&zntc.}m®Lmmmc. zznmmm 

<D±B*?W7M. 7 4 te_hgP3r-Vy^S7 3±lcr©_tSP^r-V^yjS7 3 fc« 

«>©A>f 7Xi&|?.£tf^1-3/\- KA-f 7*M, 7 6tt4>fc< iitTSP^-V y ^ 
®7 l±"e*otTMRSIIft7 2©^iWJC«lM^S*lfcJ|ift*#C«J:SJ|ifi»^ 
^"vm 7 7J4TSP^-;i/KS7 0CD^flHlC^S*lfc^lCZ>«5»#S, 7 8 
li^=3r-Y^^M7 6_tT*&oT_tSP¥^y :/M7 3 &£>*_L3P */ - ;i/ KM 7 4© 
^4«Jc^$*ife||2©j|ift|»ftM, 7 9 (i-S^Tii/-;i/ KM 7 oxttTl^r 

1 7^7 1 tzm^WHzmmzntcmi © tr 7*- sos-sg^i© 
t?7*-;i/^#7 9©fisa8jc*^cftr»c^3*ifc»i ©u- K^tt, siajsi 

©u - k**8 o®ffijjg^*jicwjcieiKs*ife»i ©as^ms , 

8 2 li-^^±|i/-A KM 7 4 &ca*ClftlC^M2 *lfc852©U- K^cfls, 8 3 
tt^^2©U - K##8 2©fMfc«^iftlc^M£*i£m2©if7*--;i/^ 
ft, 8 4 te-S8#jg2<Z>lf7jfc--;i^#8 3 ©^«lC«&ftU:&iK£*ifca5 3 © 
U- K^ft, 8 5 ttjg3©U- K^ft8 4©fl6«#*&WK&i&3ftfc»2©« 
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^■mm (&& n v k ) z * *i ? n& v x v % § „ 

[0 0 2 5] 

e> &4>& < &mmm. * & o r ^ s . 

[0 0 2 6] 
[0 0 2 7] 

raS2/-/l/K»7 0 3trJC_ta|SS/ -^/KJ» 7 4 tt, NiFe (/\°-va>f), U 
>#*Xh, CoFe, C o F e N i XiiC o Z r N bf 0#IflXtt#IM 
*e*J*3*l5o l&JPtt, 0. 5~4/tm, Jf*L<ttl~3/tm^ft5. 
[0 0 2 8] 

TSP^r ^ y 7 1 _tSP^ y 7® 7 3 #fiKtt3*mfltft*3K «A«T 
a. Cu, Al, Ag, Au, Ti, T i W, Rh, Cr, In, Ir, Mg, 
Ru, W, Zn, PtMnfKBRuRhMn, Xtt^tl & T*}if£3 tl 
So Mffte. 5~7 0nm, fH<lil 0~5 0 nmt'feS. 
[0 0 2 9] 

M (7'J-I) bf >^IMfi-ei«t S i i: b< , filAH Fe 

, Co, Ni, CoFe, NiFe, CoZrNbXiiCoFeNi Wf| 

mxiZ&MWXktfm^btiZ. T^»MMif (tf>KM) ©mj?i±, l-l 

Onm, ^L<!i2~5nm^5. 3 < * U 

±%mm'&mmm (?v-m) a>mm\t. 2-5 onm, #£b.< 
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[0 0 3 0] 

TMR^jf#:7 2 tC£tt£ h y*J\sAV TM\t. AlgOg, NiO, GdO 
, MgO, Ta 2 O s , Mo0 2 , T i O 2 XttWO 2 ^^M$n5 0 BIJP 

[0 0 3 1 ] 

TMRi»Ji#7 2C£tt&M3&i&'f£?iliglJlte, M^LliPtMn, RuRhMn 

— 3 0 nmllt*fe5„ 

[0 0 3 2] y 

, MAliS i 3 N 4 , C 6 - 7 F e 2 O 3 (^W#-f h) XttS i O 2 T?fl&£<?5 
tl*. $ 1 7 7 & I 2 7 8 tt, -mWlZ.it A 1 2 O 3 Tf 

«^$tl^ 0 L;frb&#£>, fll©«5»#»7 7&lJfS2<Z)i|ifi»#Ji7 8 S:JSfi» 
^>y^S7 6 ^:Ht5^fi^i^■e*^UT%J:v^ 0 
[0 0 3 3] 

^8 0, 8 2 84, Mtf iCfg 1 2 ©ag^-«« (^M^ V F) 81^ 

8 5 11 Cu, Al, AuXtiAg^tM$|iS. fegU —tBtfi±&i/-Jl 
KJf7 4{C«^imc^£*lTV^fl2tf)U- F##8 2 - <D_t3P */ -;b K 

Ml 4 fcHl5M***CJg/SUT=&<fcV\. 
[0 0 3 4] 

Si 3 N 4 , Co-7Fe 2 0 3 (/\V#-f h) X&S i O 2 T*7£f&£ tlT £ 
^1*8 2&£>*f!2CDlfT*-;i/#tt8 3 ©TT*±£P3f -V y 7 3&t>*TBP^- 
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[0 0 3 5] 

#IIMmtf>fiiS£lC£^T, Wm*r*?v7m 7 6 0:£T&fi£5RcZ)A 1 2 O s ( 
ifcStm^e r = 7) T^-r^il, T§ISi/-;i/KJS7 0^t>*±g|5^-;i/F 

l74ri©^rt/^^>^[iC Shield =10. 2pF1?*y, *^/h^7 
Miif c=12 0MHzT'Sofe 0 T§Pi> — ^ KM 7 0 Xlt~F3*r 

^v^mi i _hic^«t-^±sisi/-;bKM7 4 <Dn&zm-tz>ffifr<z>wm> hp*> 

3f^S/# £ LT^fgf SlllltiS = 10230/im 2 ( C A D IC J: Sff |ft 
T*&»J, TgP^-;bFS7 0&t>Ul^>-;i/ Fjf 7 4ra©SEil^l 1 0 nm 

MR/\<vK0ffiiiR HGA =i3OQt'fe^„ FJS 

>XC S h i e 1 dX-^*^ V^ryMWM f cfcfc, ^ILttfflTf^ftt^JS 

st*rs. mxMij^j h*7it»f cttf c = 1 / (2 ^R HGA c s h £ 
eld ) ^e>»ffi*ets. 

[0 0 3 6] 

Jfili^r -V y ^"S 7 6 <Z)£T $:SigN 4 e r # s r = 4 ) 

Cg hield = 5. 8pFt'fe(J, f c = 2 1 1 MH z £:*ifll&cafc#£ 

[0 0 3 7] 

iSife^^-V V 7 6 (D^X & Co-rFe 2 0 3 (ifc§£«^5 £ r <& e r = 3 . 
5) -e^^-T^ C Shield = 5. lpFtft»J, f c = 2 4 0MHzt 

[0 0 3 8] 

$11^^17 6tf)±T£S i 0 2 (Jti8«9Se r #e r = 3) T'MtS 
C shield = 4. 4pF^*tJ, f c = 2 7 8MHz £ V* o "5 Bfcllf cS 

[0 0 3 9] 
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[0 0 4 0] 

^bfeTMRAyRi, fOTMRlIWiltbTNiCr ( 3 n m 
) , SWfllhbtPtMn (14nm) , T9SSHKffi»0EJS (tT> KJf 
) illtCoFe (2 nm) /Ru (0. 8nm)/CoFe ( 2 n m) , h> 
W;7lfcLTA10x, _haP3SHKffiWIKM (7'J-i) hLTCoFe ( 

2 nm) /N i F e (4 nm) , *cW7M£. LTNiCr (3nm) ZMlkm. 
IlfciJig&f ITV^ 0 -eOTMRSKSttteTf-SStfO. 3 5 X 0. 3 5 /i m 2 
-e&y, RA= 1 5 Q #m 2 T*&U, KSIHffittli 1 l' 0 n m"T?& »J , m 
m^^V^mi Q<Dmmi$5 2 nmTf&y, U- KimTMRA^ K©|gjfi 
liR HGA =130QT ' fe5 ° :©TMRa*; Kt ^T^^54 0 0 r 

[0 0 4 1 ] 

@10^t)!Bll^f,B|P,^©j:^:, 18*^*^17 6tf)£T£, Sig 
N 4 , Co-rFe 2 0 3 X«Si0 2 TMt5^ C Shield WS 
ffflAl 2 O 3 T'Mlfci^©10. 2pF^&5. 8 p F, 5. lpFXtt 

4. 4 p f jc -en-enter LTfc*;, K<z)MMi§:#tt*^iPS{cfBi±uTVN^ 

. D 5 O-fBlCOVNTtj, ft*S*©19 4kFCI^e>3 6 4 kFCI, 

3 9 7 k FC I Xii3 9 8 k FC I t. Zm&^lflgfCfnLt It V*5. 

[0 0 4 2] 

X\tmmii\im—3(Dfr. ?:Si 3 N 4 , Co-rFe 2 0 3 Xit S i O 2 

j&lt*, -enfcy jc>>-;i/ Kiiai*^^i/* >xc s h A e x d #<sr u # 
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mm^w-jmi 6 hlx. a i 2 o 3 & vmnmo^zLo^^^^mmun 

£^*U£, C shiel d ^TlA7 KOM«#ffi$:fBj±$-&^r 
[0 0 4 4] 

01 2 li^<7)M^M^T^U, I^IH (A) »»t^l7 6[:Al 2 0 3 
KEI (B) ItS i 3 N 4 £/BV^#ilr, mm (C) liC o - r F 
e 2 O 3 £M^£l§-a\ MM (D) »Si0 2 £fl!V^i§£-T*&£,, lUE (A) 
Vitl 3. 3mAT'»WiC, 1^0 (B) Tlil 3. 0mA, m® (C 
) T'ttlO. 7 mA, mm (D) tttU. 1 m A T^^tlfft^-©^^ £ 
TVn£„ BP*), ^^-V-V^jfT 6 ©«RC^#-&-r^&-£T-& 

Siiltf^S. ^tl«> TMR/\>y K©«^^^^, TMR^jf#:7 2 IC& 

[0 0 4 5] 

P P — GMR^tCOl>T : fe^< HI^{CjgiM"5ribT*^>'g>o 
[0 0 4 6] 

Illihbt, _h«E®HI6^ffi{Cfc^STMRajf^7 2©fSfc>UlC, CP 
P-GMRHft5:MV\fcCP P-GMRa>v Ftf>— MtCO V\T, J^TS&BJ!1~£ 

o 

[0 0 4 7] 

m©3»l£#jglJS (fgi ©t?> FM) , Mx.liCu^tcj;^mi od#»££M 
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[0 0 4 9] 

c p p -GMRmmfait&< zamammt&mt* t&a&ofcB 7~gi9 <r>mM 

[0 0 5 0] 

mB^r^ yfM 7 6<Z)£T£t£5fc<7)A 1 2 ° 3 (^i*^ « r # « r = 7) V 
Cg hield = 10. 2pFt$*J, #y ^Mi^i5t« f c = 5 2 OMH z 

KJS7 4 (om&z^-t zBftomm. w*>*vAi/* t L-catg-r &« 

iIiliS= 1 0 2 3 0 / t m 2 (CADCfcSffSHI) T'&U, T8P$/-;bKS 
7 0&tf±SS^-;i/KJi7 4|SJ<Z>6!EIIM:l 1 0 nmt'fe'J, *<D?%, mM*?*? 
vfMa&mitS 2 nmt'feij, y- Sr^tfC P P - GM R ^\ y KOjgjfttt 
R HGA =30fit ' feS » Fira^r^^f^^Cg hieH & 

y h^JMIfcf c ttf c = 1 / ( 2)tR HGA C Shield ) frb&mvg 
[0 0 5 1 ] 

y 7 6 OD^T 2: S i 3 N 4 OtnW e r ffe r = 4 ) T'^f 
S£» C Shield = 5. 8pFTf*»J, f c = 9 1 5MH z i:^ClpiJCBJc#$ 
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[0 0 5 2] 

mm*? -v v -fm 7 6 <d^x £co-7Fe 2 o 3 atmnm e r t>u r = 3 . 

5) Tffl&fc^Sfc, C shieH = 5. lpFt&U, f c = 1. 04GHz 
[0 0 5 3] 

*fi»3r-V *;^I7 6 O^T £ S i O 2 (J:fcSi«^ e r ^ s r = 3 ) 
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